We have compared the effects on lipoproteins and haemostatic variables of two hard margarines with similar functional properties, one traditional margarine containing partially hydrogenated fish oil (PHFO), and one experimental margarine based on vegetable oil (VO). Both were allpurpose cooking margarines with nearly identical functional properties. Trans fatty acids from PHFO in the traditional margarine were replaced mostly by saturated, monounsaturated and trans fatty acids of vegetable origin in the new formulation. Both test margarines contained approximately the same amount of cis polyunsaturated fatty acids. Sixteen female normolipidaemic students consumed each diet with the two test margarines for 14 d in random order (crossover design). The amount of fat was 31 % energy in the PHFO diet and 32 % energy in the VO diet. The test margarines provided approximately 26 % energy in both diets. In the PHFO diet 7 . 8 % of the energy was derived from trans fatty acids and 9 . 2 % from saturated fatty acids (12:0, 14:0 and 16:0) while in the VO diet, 1 . 1 % energy was derived from trans fatty acids and 13 . 3 % from saturated fatty acids (12:0, 14:0 and 16:0). The natural content of cholesterol in PHFO was deliberately not balanced by addition of cholesterol to the VO diet, thus the PHFO diet contained 215 mg and the VO diet 86 mg cholesterol per 8 . 5 MJ. LDL-cholesterol concentration was 19 % higher in subjects on the PHFO diet compared with the VO diet (P < 0 . 01). The ratio LDL-cholesterol:HDL-cholesterol was 12 . 6 % higher in subjects on the PHFO diet compared with the VO diet (P < 0 . 01). The level of apolipoprotein (apo)A-I was 6 % lower in subjects on the PHFO diet compared with the VO diet (P < 0 . 01). The ratio apoB:apoA-I was 10 . 4 % higher in subjects on the PHFO diet than on the VO diet (P < 0 . 01). There were no significant differences in total cholesterol, HDL-cholesterol, triacylglycerols, apoB, lipoprotein(a) and haemostatic variables between the diets. Our results demonstrate that PHFO, with its unfavourable effects on plasma lipids, can be replaced by vegetable oils in margarine without appreciable loss of functional properties but with significant improvement in the effects on plasma lipoproteins.
. It would therefore seem prudent to reduce the use of PHFO in margarine products. PHFO has functional properties, however, that make it particularly suitable for the baking industry which requires margarines of certain hardness, as well as for household food preparation. It is, therefore, of interest to find alternative fat blends that maintain the functional properties of the margarine but with improved effects on plasma lipids. The aim of the present study was to compare the effects on plasma lipoproteins and haemostatic variables of two hard test margarines with similar functional properties, one traditional margarine based on PHFO and one based entirely on vegetable oils.
Methods

Participants and their baseline characteristics
Young female students of home economics were invited to participate in a strictly controlled dietary study. The sixteen volunteers who entered the study with a mean age of 22 (SD 2 . 7, years were all normolipidaemic, in good health and showed no intolerance with normal dietary habits. Except for oral contraceptives none was taking any medication known to affect serum lipids. Criteria for inclusion were that the participants should be reliable and have a regular meal pattern. We had no screening criteria with regard to smoking habits, age, physical activity or body weight.
All participants were requested to maintain their regular lifestyles and usual level of physical activities throughout the study. They were asked to abstain from alcohol consumption during the study period. In addition they were asked to report in a diary any deviation from their usual behaviour. Nine women were taking oral contraceptives and nine were smokers. Four subjects had relatives with a known history of cardiovascular disease, none of which was identified as familial hypercholesterolaemia. One person had a diagnosis of asthma while another had allergy. Both of them used medicines.
The average weight of the participants was 64 . 5 (SD 7 . 6) kg ranging from 54 . 6 to 83 . 3 kg and the BMI ranged from 20 to 29 kg/m 2 (mean 23 (SD 2 . 3) kg/m 2 ). All except one had a BMI below 25 kg/m 2 . The mean diastolic blood pressure was 70 (SD 6 . 3) mmHg and the mean systolic blood pressure was 119 (SD 11 . 9) mmHg. For baseline levels of serum lipids, lipoproteins and fibrinolytic variables, see Table 3 .
The protocol and the objective of the study were explained to the subjects in detail and they gave their written consent before entry into the study. They received free food but no payment during the study. The study protocol was approved by the Regional Committee for Ethics in Biomedical Research of Norway.
Habitual diet
The participants filled in a quantitive food-frequency questionnaire and each questionnaire was thoroughly checked. The quantitative food-frequency questionnaire, which is designed to cover the whole diet, has been validated and described elsewhere (Nes et al. 1992) . The questionnaire is meant to give the usual intake during the past year. The calculated mean amount of total fat in the habitual diet was found to be 29 (SD 4 . 9) % of energy. The mean daily intakes of saturated, monounsaturated and polyunsaturated fatty acids were 24, 22 and 10 . 9 g respectively, and the intakes of linoleic and a-linolenic acids were 8 . 5 g and 1 . 1 g respectively. The calculated mean intake of dietary cholesterol was 220 mg/d.
Study design
The study ran from May to June 1995, during periods of 14 d. Mensink & Katan (1987) recently confirmed previous studies which showed that new stable levels of serum lipids and lipoproteins are attained within 14 d on a controlled diet (Keys et al. 1957; Brussaard et al. 1982; Mensink & Katan, 1987) . It cannot be excluded, however, that the maximal response to trans fat may require more than 2 weeks (Judd et al. 1994) . If this is the case any observed differences between the high and the low trans fat diets used here may tend to be underestimated. The study was designed as an intra-individidual crossover comparison of the effects on blood lipids and haemostatic variables of the two diets. The participants received the diets simultaneously and both diets were given in both periods. The participants were randomized into two groups and each group received the two diets in a different order. In this way, variation due to residual effects of the previous diet or to drift of variables over time could be minimized. After the end of the first test period, the participants crossed over to the second diet with a washout period of 4 d. During this period the subjects returned to their normal eating habits.
Body weight was monitored before lunch twice weekly. The weight was measured with light clothes on a digital balance, and read to the nearest 0 . 1 kg. Body height was measured without shoes and read to the nearest 1 mm. BMI was calculated as weight (kg)/height (m) 2 . Dietary compliance was checked by interviewing and by evaluating the diaries.
Test margarines
One of the test margarines was a traditional hard margarine with a high content of PHFO in addition to some soyabean and coconut oils (PHFO margarine). The other was a hard margarine based on palm oil, soyabean oil, coconut oil, partially hydrogenated palm oil and fractionated palm oil (VO margarine). Trans fatty acids in the PHFO margarine were replaced mostly by saturated (8 . 8 g/100 g total fatty acids), monounsaturated (13 . 7 g/100 g) and trans fatty acids (3 . 4 g/100 g) from vegetable oils in the VO margarine. Both test margarines contained approximately the same content of cis polyunsaturated fatty acids. The fatty acid compositions of the two test margarines are given in Table 2 . Both margarines (all-purpose cooking margarines) were subjected to sensory analyses, texture measurements (Stevens LFRA Texture analyser, Stevens Advanced Weighing Systems, Blackburn, Lancs., UK; 15Њ), solid fat measurements (Bruker minispec p20i; Bruker Analytical Instruments, Rheinstetten, Germany) as well as baking and frying tests.
The products were considered to be similar with regard to functional properties. However, the VO margarine was slightly harder and more brittle at lower temperature and became slightly softer at room temperature. The overall quality of both was considered equal to that of commercial margarines.
Since fish oil has a natural content of cholesterol the PHFO margarine contained 2310 mg cholesterol/kg. The VO margarine contained a negligible amount of cholesterol (210 mg/kg) derived from the added emulsifier. The margarines were produced by the addition of water, vitamin A, vitamin D, NaCl, flavour, emulsifier and b-carotene as colour. The PHFO margarine contained 165, and the VO margarine 155 g water/kg.
Experimental test diets
The two diets were based on a 7 d menu. They were calculated by using a computer-based, nutrient-calculation programme and were designed to have the same nutrient composition except for the fatty acid composition and cholesterol content. Both diets were calculated to contain (% energy): 15 . 4 protein, 34 fat and 50 . 6 carbohydrate. The fat from the background diet was calculated to supply a minimal amount of 6 % energy as fat while the test fat was planned to provide 28 % energy as fat. The menu for the two experimental diets contained the same basic food items and the fat from the background diet came from meat, fish, bread, dairy products and cereals. The two experimental diets differed only in the source of test margarine used for spreading, baking and cooking. The test fats were incorporated into the menus in several foods including bread, buns, porridge and sauces for dinner. All meals including weekend meals were prepared at the college. Lunch and dinner were served under supervision in a dining room from Monday to Friday. Supper and breakfast for the next day were sent home. Each Friday weekend meals were packaged for home consumption. All sauces for weekend dinner were provided frozen. During the controlled feeding periods no foods other than those in the menu were allowed. If the participants lost weight or were hungry, they were allowed to eat buns with the same nutrient composition as the rest of the diet. The participants were allowed to drink coffee, tea, and mineral water with artificial sweeteners. Each diet was assigned a colour code and an energy level. All foodstuffs were weighed for each individual subject. The subjects were supplied with food to meet 100 % of their mean daily energy requirements. The PHFO and VO diets were calculated to contain 89 . 5 g fat/10 MJ, of which the test margarines provided 74 g.
Compliance with the diets was judged by direct observation of consumption of weekday lunch and dinner, and by evaluation of food diaries. All participants complied well and only minor deviations from the diet were noted, e.g. light yoghurt was omitted from the menu twice by two participants. The fasting body weights were not significantly different at the end of each of the two periods (mean reduction of 0 . 4 kg).
Chemical analysis
Duplicate portions were taken of the two diets corresponding to a daily energy intake of 8 . 5 MJ. The duplicate portions were kept frozen at -20Њ. After homogenization the homogenates were freeze-dried and the homogenates from 7 d were pooled into one portion.
The N content in the duplicate portions was determined by the Kjeldahl technique. The factor used for conversion of N content to protein was 6 . 25. The total fat content was determined by chloroform-methanol extraction (Folch et al. 1957) . The metabolizable energy content of the diets was determined as described by Andersson et al. (1975) .
For analysis of fatty acid composition, the lipid fractions of the duplicate portions were isolated by Soxhlet extraction of about 5 g of freeze-dried homogenate from each series. The solvent used was diethyl ether, analytical grade, and the extraction time was 4 h. Quantitatively the lipid recovery was almost the same as extraction with the more polar solvent mixture chloroform-methanol (Folch et al. 1957) . The fatty acids of the respective fat extracts were converted to methyl esters by the BF 3 method (American Oil Chemist's Society, 1989a) and analysed by GLC using the polar SP-2560 fused silica capillary column (100 m × 0 . 25 mm i.d.) as described in an earlier study (Almendingen et al. 1995) .
The cholesterol content in the test fats and the homogenates was determined on the lipid extract as the trimethylsilyl ether derivative on GLC (American Oil Chemist's Society, 1989b). 5b, 3a-Cholestanol was used as internal standard, and the separation of cholesterol, tocopherols, and plant sterols was acceptable on the nonpolar DB-5 capillary column used (30 m × 0 . 25 mm).
Blood sampling and analyses
Blood samples were collected after an overnight fast before breakfast at the end (day 15) of each period. During the week before the start, and at the start of the first period baseline samples were taken. Serum was obtained by lowspeed centrifugation within 1 h of venepuncture and stored at -70Њ until analysed.
Serum cholesterol and serum triacylglycerols were measured by enzymic methods (Nägele et al. 1985) using automated analyser equipment (Hitachi 737, Hitachi Limited, Tokyo, Japan). LDL-cholesterol was calculated using the Friedewald equation (Friedewald et al. 1972) .
Serum HDL-cholesterol was measured essentially by a similar enzymic technique (Siedel et al. 1985) after precipitation of the LDL-fraction with dextran sulfate and Mg (Technicon Reagent T 0,1-2801-56, Tarrytown, NY, USA). Serum apolipoprotein (apo)A-I (Orion Diagnostika, Espoo, Finland) and serum apoB (Behringwerke Ag, Marburg, Germany) were both quantified immunoturbidometrically using a seven-point standard curve and an automated enzyme analyser (Cobas Fara, Hoffman-La Roche, Basel, Switzerland) essentially according to the manufacturer's instructions. Serum Lp(a) was quantified by a commercial kit (TintElize Lp(a), Biopool AB, Umeå, Sweden) according to the manufacturer's instructions. The interassay CV were as follows (%): total cholesterol 2, HDL-cholesterol 5, triacylglycerols 3, apoA-I 6 . 3, apoB 5 . 5 and Lp(a) 7 . 7 % at 100 mg/l, and 2 . 7 %, at 400 mg/l.
For haemostatic variables citrated plasma was obtained from Vacutainer tubes containing 0 . 129 mM-trisodium citrate (dilution 1:10) by centrifugation within 15 min at 2500 g (30 min at 4Њ) for determination of plasminogen activator inhibitor type-1 (PAI-1) activity, PAI-1 antigen and fibrinogen. Acidified plasma for tissue plasminogen activator (t-PA) activity measurements was obtained using Stabilyte R tubes as described by Rånby et al. (1989) . All samples were stored at -70Њ until analysis.
PAI-1 activity and t-PA activity were measured amidolytically, according to Wiman et al. (1983) and Chmielewska et al. (1983) . An ELISA method with a double-antibody technique was used for determinations of PAI-1 antigen (measuring free PAI-1 as well as that complexed with t-PA). Commercially available kits (Biopool AB) were used: Spectrolyse/pL, Spectrolyse/fibrin and TintElize PAI-1 respectively. The interassay CV were 4 . 5 % for PAI-1 activity, 9 . 8 % for PAI-1 antigen, and 8 . 0 % for t-PA activity. Fibrinogen was measured according to Clauss (1957) using an ACL-3000 Coagulation System Analyzer (Instrumentation laboratory, Milan, Italy), interassay CV 4 . 8 %.
All blood samples from the same individual were analysed within one run. The analyses were performed at the Clinical Chemistry Department and Clinical Research Unit, Ullevaal University Hospital, Oslo.
Statistical methods
Pairwise comparisons between the two diet groups were performed and mean differences among treatments were analysed by paired t tests with 95 % CI. P values < 0 . 05 were considered significant. All P-values are two-tailed. Serum Lp(a) and the haemostatic variables had a skewed distribution and were log-transformed before pairwise comparisons were performed by paired t test. Pairwise comparisons of the untransformed data were also performed by the Wilcoxon rank test. The P values were somewhat higher in t tests compared with the Wilcoxon rank tests.
Pearson correlation coefficients between baseline levels of serum lipids and apolipoproteins are presented when appropriate. Spearman correlation coefficients were also calculated for haemostatic variables. The statistical package SPSS Advanced Statistics, version 6.1 (SPSS Inc., Chicago, IL, USA) was used for the data analysis. A test for carryover effect was performed as described by Jones & Kenwood (1989) .
The power for detecting differences in serum lipids was calculated to be approximately 0 . 5 for total serum cholesterol, 0 . 9 for LDL-cholesterol, 0 . 6 for HDL-cholesterol, 0 . 8 for LDL-cholesterol:HDL-cholesterol, 0 . 9 for apoA, 0 . 8 for apoB, 0 . 6 for Lp(a) and <0 . 5 for triacylglycerols.
Results
Test diets
The duplicate portions of the two diets corresponding to an estimated intake of 8 . 5 MJ were analysed and the energy level was found to be identical in both diets ( Table 1 ). The intake of energy from protein was identical in both diets, and that from fat was slightly lower in the PHFO diet than in the VO diet ( Table 1 ). The PHFO diet contained the highest amount of energy derived from trans fatty acids while the VO diet had the highest content of energy derived from saturated fatty acids. The content of cholesterol was higher in the PHFO diet than in the VO diet; the levels were 246 mg and 98 mg/10 MJ respectively.
The fatty acid compositions of the margarines and duplicate portions of the diets as determined by GLC are shown in Table 2 . The PHFO margarine contained a total of 30 . 1 g trans fatty acids/100 g total fatty acids (16 . 2 g trans monoenes and 13 . 9 g trans dienes). The VO margarine contained 3 . 4 g trans fatty acids/100 g total fatty acids, almost all as trans monoenes.
The PHFO diet had the highest content of very-longchain saturated fatty acids (20:0-24:0). The sum of saturated fatty acids (12:0-16:0) and trans fatty acids was highest in the PHFO diet, 55 v. 45 g/100 g total fatty acids in the VO diet (corresponding to 16 . 9 and 14 . 6 % energy respectively). Table 3 shows concentrations of total-, LDL-, and HDLcholesterol, apoB, apoA-I and triacylglycerols at baseline and after the two test diets. Also shown are the mean differences between the two diets and their statistical significance probabilities. No carry-over effects were observed from the first to the second period.
Serum lipids and apolipoproteins
Total serum cholesterol was highest on the PHFO diet, but the difference between the two diets was not significant. The levels of LDL-cholesterol were significantly higher in subjects on the PHFO diet compared with the VO diet (P Յ 0 . 01). The levels of HDL-cholesterol were not significantly different between the two diets.
Serum apoB level was slightly higher on the PHFO diet but the difference did not reach statistical significance (P = 0 . 08). Compared with the level on the PHFO diet, the level of apoA-I was significantly increased on the VO diet (P< 0 . 001).
Significant differences of the ratios LDL-cholesterol: HDL-cholesterol and apoB:apoA-I were observed between the two diets, both being highest on the PHFO diet. Thus, the ratio LDL-cholesterol:HDL-cholesterol was 12 . 6 % higher, and the ratio apoB:apoA-I 10 . 4 % higher on the PHFO diet than on the VO diet.
There were no significant differences in the levels of Lp(a) between the two diets. The Pearson coefficient of correlation between the baseline levels of apoB and LDL was 0 . 50 (P = 0 . 05) and between apoA-I and HDL was 0 . 81 (P < 0 . 01).
Haemostatic variables
In Table 4 are given the levels of haemostatic variables and the mean differences between the two diets and their statistical significance probabilities.
There were no significant differences in the levels of fibrinogen, PAI-1 activity, PAI-1 antigen and t-PA activity between the two diets. No significant correlations between Lp(a) and haemostatic variables were found. There was a significant correlation between PAI-1 antigen and PAI-1 activity at baseline (Spearman coefficient, r 0 . 88, P < 0 . 01). No significant correlations between triacylglycerols and PAI-I activity were found.
Discussion
In this strictly controlled crossover dietary study with sixteen well-motivated young women we have compared two different hard margarines, one traditional margarine based on PHFO and one based on VO, both all-purpose margarines with similar functional properties. The two test margarines contained approximately the same content of polyunsaturated fatty acids (Table 2 ). In general, the results presented here confirm our previous findings (Almendingen et al. 1995) that PHFO has unfavourable effects on serum lipids and lipoproteins even when compared with a vegetable fat blend of comparable functional properties and melting temperatures.
Most often male individuals are used as participants in dietary studies on the effects of fatty acids on serum lipids. Several studies have reported similar effects of fatty acids on serum lipids in both men and women (Mensink & Katan, 1989; Judd et al. 1994; Howard et al. 1995) . A possible exception may be HDL-cholesterol, which may increase in men but not in women in response to polyunsaturated fatty acids (Yu et al. 1995) . The effects of trans fatty acids on both HDL-cholesterol and LDL-cholesterol concentrations were found to be similar, however, in both men and women (Mensink & Katan, 1990) . Thus, there is no reason to believe that the results obtained in the present study are only valid for females. Possible sex differences in the effects on Lp(a) are discussed later.
The PHFO margarine contained cholesterol and part of the increasing effect that was observed both in total-and LDL-cholesterol on the PHFO diet may be due to dietary cholesterol. The aim of the study was to compare two all-purpose hard margarines with similar functional properties, made from raw materials taken directly from the production line. Thus, the results should be of direct relevance to consumers. We, therefore, deliberately did not balance the difference in dietary cholesterol between the diets. The difference in cholesterol content between the PHFO diet and the VO diet on an average energy intake of 9 . 24 MJ was 137 mg/d (Table 1) and both diets were low in cholesterol. According to the mathematical model of Hopkins (1992) the predicted difference in plasma total cholesterol due to dietary cholesterol (PHFO diet − VO diet) was calculated to be 0 . 084 mmol/l which is also in accordance with Ginsberg et al. (1995) who found that total fasting cholesterol concentration increased by 0 . 073 mmol/l per 100 mg dietary cholesterol in young women. The observed difference was 0 . 18 mmol/l (Table 3 ) which indicates that a large fraction of the cholesterol-raising effect of the PHFO diet may have been due to its content of cholesterol.
The difference in serum total cholesterol concentration between the two diets was somewhat smaller and not statistically significant, compared with the difference in LDL-cholesterol which was highly significant (Table 3) . This more potent increasing effect on LDL-cholesterol than on total cholesterol can be explained by the lowering effect on HDL-cholesterol by trans fatty acids in PHFO (Mensink & Katan, 1990; Almendingen et al. 1995) . Our previous finding of an HDL-cholesterollowering effect of PHFO (Almendingen et al. 1995) was indicated also in the present study. The difference between 248 H. Müller et al. Tables 1 and 2 and pp. 244-246. † Log-transformed data.
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the two diets was not statistically significant, however, possibly because of the lack of power. In addition the HDL-cholesterol-lowering effect of PHFO may have been partly obscured by the HDL-cholesterol-raising effect of dietary cholesterol. Based on the findings of Ginsberg et al. (1995) this would amount to approximately 0 . 02 mmol/l. At the apoA-I level the HDL-lowering effect was also highly significant in the present study. The principal differences in fatty acids between our two test margarines were the content of trans fatty acids, which was highest in the PHFO diet, and the content of saturated and monosaturated 18:1cis fatty acids, which were highest in the VO diet. Our results indicate that the replacement of trans fatty acids in the PHFO margarine with saturated (8 . 8 g/100 g total fatty acids), monounsaturated (13 . 7 g/ 100 g) and trans fatty acids (3 . 4 g/100 g) of vegetable origin contributes to a reduction in LDL-cholesterol, LDL-cholesterol:HDL-cholesterol ratio, apoB:apoA-I ratio and an increase in apoA-I (Table 3) . Mensink & Katan (1990) and Troisi et al. (1992) reported a particularly strong influence of trans fatty acid intake on the ratio LDL-cholesterol:HDL-cholesterol, which is in accordance with our findings.
The PHFO diet resulted in a small but non-significant increase in Lp(a) concentration. Lp(a) is considered to be an independent risk factor for CHD (Schreiner et al. 1993) although a significant association has not always been found in women (Wild et al. 1997) . A number of studies have recently demonstrated that trans fatty acids increase Lp(a) when given at a level of 7 % energy or more ( Mensink et al. 1992; Nestel et al. 1992; Almendingen et al. 1995; Aro et al. 1997) . In a previous study we also demonstrated that PHFO increases Lp(a) compared with partially hydrogenated soyabean oil or butterfat (Almendingen et al. 1995) . The reason why this effect did not reach statistical significance in the present study may be related to lack of power. Furthermore, only women participated in the present study. In two previous studies on the effect of trans fatty acids on Lp(a) only men participated (Nestel et al. 1992; Almendingen et al. 1995) . In the study of Mensink et al. (1992) both men and women participated and in one of the experiments of that study a significant increase in Lp(a) was observed in men but not in women consuming a trans fatty acid diet compared with either a stearic acid or a linoleic acid diet (Mensink et al. 1992) . Thus, it cannot be excluded that the effect of trans fatty acids on Lp(a) is more pronounced in men than in young women.
Vegetable and hydrogenated vegetable oils contain only small quantities of fatty acids with C chain lengths greater than 18 while hydrogenated fish oils contain a large proportion of very-long-chain fatty acids (C20-C24) both saturated and trans unsaturated. Very little is known about the effects of these fatty acids on serum lipoproteins. In the present study the PHFO diet contained a total of 22 . 3 g C20-C24 fatty acids/100 g total fatty acids. One study by Wardlaw et al. (1995) showed that a caprenin diet which contained (100 g total fatty acids): 45 g 22:0 and 50 g 8:0 þ 10:0 and a negligible content of 12:0-16:0 did not decrease mean total cholesterol, LDL-cholesterol or apoB levels compared with a palm-oil-palm-kernel-oil diet and a butter diet. This means that one or more of 8:0, 10:0 or 22:0 may be serum cholesterol-raising. PHFO also contains appreciable amounts of myristic acid (14:0), known to be strongly cholesterol-raising (Hegsted et al. 1993; Yu et al. 1995) , as well as cis and trans 16:1 (Table 2) . Smith et al. (1996) tested the effect of myristoleic (14:1cis) and palmitoleic acids (16:1cis) in pigs. They observed that 36 g 14:1+16:1/100 g total fatty acids resulted in the greatest increase in total-and LDL-cholesterol levels from pretreatment values compared with a diet containing (g/100 g total fatty acids) 52 palmitic acid, 51 stearic acid or 38 linoleic acid. Nestel et al. (1994) also found that palmitoleic acid increased total-and LDL-cholesterol levels in human subjects to a similar extent to palmitic acid and significantly more than oleic acid. This indicates that in addition to trans fatty acids and the known cholesterol-raising saturated fatty acids, several other saturated and unsaturated fatty acids found in PHFO but not present, or only present in small amounts, in other types of fats may be cholesterol-raising.
The content of linoleic and linolenic acids was 3 . 5 % of energy in the PHFO diet and 4 . 9 % energy in the VO diet. The effects of the test margarines on blood lipids can therefore hardly be explained by differences in polyunsaturated fatty acids.
In a previous study we found that a PHFO diet resulted in significantly lower levels of PAI-1 antigen and PAI-1 activity than a partially hydrogenated soyabean oil diet and a significantly lower fibrinogen level than a butterfat diet (Almendingen et al. 1996) . In the present study we did not find any significant differences in haemostatic variables when the PHFO diet was compared with the VO diet. The intra-and interindividual variations in fasting values of fibrinolytic variables were very large, however, and sixteen participants may be too small a number to detect any differences in a study of only 2 weeks duration. Also, postprandial changes in haemostatic variables may be more relevant than fasting values (Marckmann et al. 1993) .
Recently, focus has been on the reduction of the use of partly hydrogenated oils in margarines because of the cholesterol-raising effect of trans fatty acids. In the present study the contents of trans fatty acids in the PHFO diet and the VO diet were 7 . 8 % energy and 1 . 1 % energy respectively. The intake of trans fatty acids has been estimated to represent 1-5 % energy in several countries (Becker, 1996) . The amount of trans fatty acids in our PHFO diet was, thus, higher than the average intake in most countries. Some (Siguel & Lerman, 1993; Willett et al. 1993; Ascherio et al. 1994; Hu et al. 1997) , but not all (Aro et al. 1995; Roberts et al. 1995) epidemiological studies show a connection between intake of trans fatty acids and CHD. Few epidemiological studies have looked more specifically into the association between consumption of PHFO and risk of cardiovascular disease. In one study a positive association between intake of PHFO and mortality from ischaemic heart disease was found (Thomas et al. 1975 ) but this was not confirmed in a later study by the same authors (Thomas et al. 1981) . Because of a covariation between intake of saturated and trans fatty acids it may be difficult by epidemiological studies to establish a true association between CHD and consumption of trans fatty acids (Kromhout et al. 1995) . It is reasonable to assume, however, that trans fatty acids contribute to the risk of CHD by their effects on serum lipid risk factors. In a previous study we found that PHFO in particular has unfavourable effects on blood lipids, and this has been confirmed in the present study. The consumption of PHFO was recently reported to be approximately 11 g in Norway representing about 10 % of fat intake (Almendingen et al. 1995) . By its content of cholesterol, trans fatty acids, saturated fatty acids and possibly other cholesterol-raising fatty acids this amount of PHFO may have a considerable influence on the population mean plasma cholesterol level. We therefore recommend that the use of this fat in margarines intended for the food and baking industry, or for household use, should be minimized.
